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Overview 
 
 
 
•Comparing TIMES model variants 
•Documentation of input 
•Comparing TIAM and EFDA-TIMES versions 
•Comparing results of version updates (Europe and World) 
•Objective values 
•Additional slides from previous presentations 
Risø DTU, Technical University of Denmark 
Running TIMES input only 
Run file 
Initialisation 
SET ALL_TS/ANNUAL seasons seasons-diurnal / 
* Generate gdx files for input only 
$SET INTEXT_ONLY YES 
$SET PREP_ANS YES] 
$BATINCLUDE base.dd 
$BATINCLUDE <SUBRes, SysSettings, Demand, Base Case scenario>.dd 
SET MILESTONYR /2000,2005/; 
$SET RUN_NAME '<Version name>' 
TIMES_input.cmd 
Call GAMS <Case name>.RUN IDIR=<TIMES folder>\ GDX=GamsSave\<Case name> 
• From TIMES v. 2.40 (October 2007) 
• Described by VEDA Support:  
VEDA-FE > ADVANCED TECHNIQUES > COMPARING INPUT DATA 
• http://www.kanors.com/VedaSupport/index.htm 
•  To be used for documentation and comparison of TIMES models 
Risø DTU, Technical University of Denmark 
Working with gdx files 
• gdxdiff – compares two gdx files result in gdx format 
• gdx2xls – converts gdx file to Excel workbook with sheets for 
each set and parameter name 
• gdxdiff <compare version>.gdx <reference version>.gdx  
<compare version>_diff.gdx 
 
Compare 
TIAM_0812 or 
later (ins1) 
with reference 
TIAM_0712 
(ins2) – 
Disclosing the 
GBL / GLB 
difference 
Risø DTU, Technical University of Denmark 
Comparing base year data for  
TIAM and EFDA-TIMES versions 
Reference version / -
Compare version
ETM_0511 ETM_0706 ETM_0912 TIAM_0712 TIAM_     
Dubrovnik
TIAM_Conf
Regions 15 15 15 15 15 16
base.dd date 30-11-2005 31-12-2009 03-01-2010 16-12-2007 07-07-2009 n.a.
*_BY_input date 14-05-2011 08-05-2011 15-05-2011 14-05-2011 14-05-2011 27-11-2011
ETSAP-TIAM (15)
TIAM_GLB (16)
TIAM_Conf (16)
TIAM_Dubrovnik (15)
TIAM_0909 (15)
TIAM_0905 (15)
TIAM_0812 (15)
TIAM_0807 (15)
TIAM_0712 (15)
ETM_1202 (17)
ETM_1105 (15)
ETM_0912 (15)
ETM_0706 (15)
Not yet compared
Few, mainly formal, differences
Many dufferences, but comparable
To many differences for comparison
Risø DTU, Technical University of Denmark 
New EFDA-TIMES version, May 2011 and TIMES v. 3.1 (I) 
EFDA-TIMES December 2009 EFDA-TIMES May 2011
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New EFDA-TIMES version, May 2011 and TIMES v. 3.1 (II) 
450 ppm - Heat transmis. invest. 25 $/GJ - World
450 ppm - Regional fission max. 25% - World
EFDA-TIMES December 2009 EFDA-TIMES May 2011
0
50
100
150
200
250
300
350
400
450
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
EJ Base Scenario - World
CCS
Wind
Solar
Oil and gas
Hydro
Geothermal
Fusion
Fission
Coal
Biomass 0
50
100
150
200
250
300
350
400
450
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
EJ Base Scenario - World
CCS
Wind
Solar
Oil and gas
Hydro
Geothermal
Fusion
Fission
Coal
Biomass
0
50
100
150
200
250
300
350
400
450
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
EJ 450 ppm - Heat transmis. invest. 25 $/GJ - World
CCS
Wind
Solar
Oil and gas
Hydro
Geothermal
Fusion
Fission
Coal
Biomass0
50
100
150
200
250
300
350
400
450
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
EJ 450 ppm - Heat transmis. invest. 25 $/GJ - World
CCS
Wind
Solar
Oil and gas
Hydro
Geothermal
Fusion
Fission
Coal
Biomass
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Objective values for background scenario and variants 
 Objective value  Background scenario=100 
Selected Scenarios Base Emi550 Emi450 Base Emi550 Emi450 
Base 180.15 180.38 181.82 99.01 99.14 99.93 
NucReg30  180.44 181.91  99.17 99.98 
NucReg25  180.47 181.94  99.19 100.00 
NucReg20  180.50 182.00  99.21 100.03 
NucReg15  180.55 182.07  99.24 100.07 
NucReg10  180.62 182.17  99.27 100.12 
NucReg05  180.73 182.33  99.33 100.21 
NucReg25 - Heat 50$/GJ  180.46 181.94  99.19 100.00 
NucReg25 - Heat 25$/GJ  180.44 181.91  99.17 99.98 
Biomass_High  181.67 183.05   99.85 100.61 
 
•Objective value of the different scenarios (unit to be explained) .  
•The objective value of Base scenario with fewest constraints is 0.99 % lower than the 
background scenario.  
•The most constrained scenario – maximum 5% nuclear fission in all regions from 2030 is 
0.21 % higher than the background scenario.  
•The results for Biomass_high are unexpected.  
•The larger biomass potentials is a relaxation of the constraints, which should lead to a 
lower objective  value 
Risø DTU, Technical University of Denmark 
• gdx2veda is used to 
create <case>.vd files 
for  import into 
VEDA_BE. 
• gdx2veda is using a 
definition file, e.g.  
times2veda.vdd 
• This file creates a very 
large and can hardly be 
read outside VEDA_BE. 
• A small version is used to 
create a small file 
displaying only regional 
objective values.  
• With less than 256 items 
it is stored in an Excel 
database, which is used 
to test the health of 
model results. 
 
 
* TIMES objective value GDX2VEDA Set Directives
[DataBaseName]
 TIMES
[Dimensions]
 Attribute        attr
 Commodity        c
 Process          p
 Period           t
 Region           r
 Vintage          v
 TimeSlice        s
 UserConstraint  uc_n
[ParentDimension]
 Region Commodity Process
[Options]
SetsAllowed Commodity Process
*Scenario SCENCASE
*ValueDim 2
not-0 var_fin var_fout var_act var_actm cost_flo cost_act
[DataEntries]
* VEDA Attr     GAMS             - indexes -
*** Costs
  ObjZ          ObjZ.l
  Reg_wobj      reg_wobj         r c uc_n
Storing regional objective values 
Risø DTU, Technical University of Denmark 
Regional objective values – comparing global TIMES results  
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Additional slides 
 
•Topology of fusion power – ETSAP Workshop, Cork 
•CHP as a virtual heat pump – ETSAP Workshop, Cork  
•Heat transmission – ETSAP Workshop, Cork (4 slides) 
•Infrastructure - Results for Europe – Risø Conf., May 2011 
•Use of objective values – EFDA-TIMES annual meeting 2011 
 
 
Fusion in EFDA-TIMES and TIAM 
EFDA-TIMES: 
Lithium is the fuel 
input for fusion. 
TIAM 2009:  
Nuclear fuel input 
(uranium), but 
investment costs are 
prohibitive compared to 
fission. 
Aggregate technologies for large-scale CHP and heat 
transmission/distribution I 
New Processes 
Large CHP/”virtual heat pump” 
Heat transmission 
New commodity 
HETC 
Aggregate technologies for large-scale CHP and heat 
transmission/distribution II 
HETC (new) Heat 
supply from large 
CHP to urban grids. 
Regional constraints 
depending on climate 
and heat market in 
Base scenario. 
 
HET (current) All 
heat – from rooftop 
solar panels to 
institutional 
distribution network 
and small district 
heating grids. 
Next step: Adding 
intermediate  heat 
network(s),  
CHP as a virtual heat pump 
 
Technology 
Power
-loss-
ratio 
Effi-
ciency 
factor 
Electricity driven heat 
pump 
n.a 3 
 
Nuclear CHP 0.25 4 
Coal/gas CHP; Fission 
Gen. IV and Fusion. 
0.15 7 
Low-temperature DH n.a. 10 
Conservative average 
for heat transmission 
n.a. 5 
CCS with heat 
recovery 
n.a. n.a. 
Power
Heat
pmax -cvhmax
pmin -cvhmin
pmin
pmax
hmax-cm
hmin hmax
Acknowledgement: William Orchard, 11th IAEE 
European Conference, Vilnius, September 2010. 
Production of electricity and 
heat in extraction-condensing 
units. 
Risø DTU, Technical University of Denmark 
Adding large scale heat transmission 
infrastructure – some results 
• The global market for electricity in 
2090 is 376 EJ; fusion is 2 EJ larger 
in 2090 when heat transmission is 
available, but the pattern of the 
global electricity supply is unchanged. 
• The total market for heat is 24 EJ in 
2090; heat transmission will mainly 
replace geothermal heat.  0
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Modelling the infrastructure development 
for heat recovery from CCS and fusion 
•The most critical parameter for CCS is the loss of thermal 
efficiency during carbon capture.  
•CCS can be a driver for the development and expansion of 
large-scale district heating systems, which are currently 
widespread in Europe, Korea and China, and with large 
potentials in North America.  
• If fusion will replace CCS in the second half of the century, 
the same infrastructure for heat distribution can be used. 
•This may support the penetration of both technologies.  
•EFDA-TIMES and TIAM consider trade among regions, but 
not the infrastructure development within each region in 
the optimisation. 
•This issue must be modelled using very aggregated 
technologies and parameters 
 
Risø DTU, Technical University of Denmark 
Europe – Base Scenario – some results 
• Results for electricity and heat supply until 2100 from the global EFDA-TIMES 
model (version December 2009) are show for Europe (sum of regions WEU and 
EEU). 
• Compared to other regions, the increase in electricity demand is moderate. 
• In the first decades, existing capacities – in particular nuclear fission – will be 
scrapped. Even without CO2 constraints, the most important technoligies for 
new capacity will be nuclear fission and wind.  
• CCS and fusion does not appear in the solution. 
• The dominant technology for heat supply will be fossil CHP. 
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Europe – CO2 constraints without large scale 
heat transmission infrastructure 
• When CO2 emissions are constrained fossil fuels will be phased out, and nuclear 
fission will be dominant. 
• When nuclear fission is constrained to max. 25 % of the regional electricity 
supply, CCS and fusion will appear in the solution. 
• The large share of wind power may be due to insufficient modelling of time 
shares and storages. 
• Geothermal heat is abundant. However, the infrastructure constraints for heat 
are insufficient in the current model. 
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Europe – Adding large-scale heat 
transmission infrastructure 
• In the current model, the heat transmission infrastructure has little impact 
on the mix of electricity supply. 
• On the other hand the added infrastructure option will take a significant 
share of the heat market. 
• Further modification of the model will be needed to analyse the 
contributions of technologies that benefit from this technology: Fossil CHP, 
possibly with, urban waste incineration, fusion with CHP, large heat pumps. 
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